Vitamin A toxicity is a well-described medical condition with a multitude of potential presenting signs and symptoms. It 
INTRODUCTION
Vitamin A plays an important role in vision, bone growth and cellular differentiation. Vitamin A toxicity has a multitude of potential presenting signs and symptoms. Acute vitamin A toxicity occurs in adults when a single dose of > 660 000 units (> 200 mg) of vitamin A is ingested (1) . Chronic toxicity occurs with long-term ingestion of vitamin A doses higher than 10 times the recommended daily allowance [RDA] (2) . It can occur at lower doses in patients with chronic renal failure. Hypercalcaemia is rarely associated with high levels of vitamin A and is thought to be secondary to the effect of vitamin A on bone to stimulate osteoclastic resorption and/or inhibit osteoblastic formation.
CASE PRESENTATION
We present the case of a 67-year old female patient known to have hypertension and chronic kidney disease stage IV status DOI: 10.7727/wimj.2011.171 pre-dialysis who was seen in the office for chronic hypercalcaemia. The patient has had hypercalcaemia for the last 10 years with her calcium level ranging between 10.8 mg/dL and 14.8 mg/dL. Her hypercalcaemia was thought initially to be related to secondary hyperparathyroidism. The patient also had multiple hospitalizations for hypercalcaemia with a calcium level around 14 mg/dL improving after hydration.
The patient reported unintentional weight loss of 70 pounds in the last two years, hair loss, generalized fatigue and constipation. She had right nephrectomy in 1984 for renal cell carcinoma, history of recurrent kidney stones and chronic hypercalcaemia. She takes telmisartan (micardis) 80 mg daily, atenolol 100 mg twice daily, furosemide 20 mg daily, clonidine 0.1 mg twice daily, amlodipine 10 mg daily, fenofibrate, fish oil, niacin, aspirin and multivitamins including "ABC plus" (Vitamin A 3500 IU + multivitamin). She reported that she has been taking two tablets of the "ABC plus" which is a total of 7000 IU of vitamin A daily for the last 10 years. She denied calcium supplement intake or Tums ® . She does not have any family history of hypercalcaemia or recurrent kidney stones. The patient had a blood pressure of 160/80 mmHg, pulse of 78 beats per minute, weight of 120 lbs. Her physical examination was normal except for mild lower extremities pitting oedema. Her blood tests in the office showed: white blood cell (WBC): 10 x 10 9 /L, haemoglobin of 8.8 mg/dL, haematocrit of 26.7 mg/dL, platelet count of 347/mm Her normal PTH level ruled out secondary hyperparathyroidism as the cause for her hypercalcaemia since PTH should be elevated in secondary hyperparathyroidism. Also, since she has low urinary calcium but no family history of hypercalcaemia, it is unlikely that she has familial hypercalcaemic hypocalciuric syndrome; in such cases, there should not be a history of recurrent kidney stones. Although malignancy is less likely since the patient had this problem for a long time and an occult malignancy should have been overt by now, a work-up including mammography, Pap smear and computed tomography (CT) of the chest, abdomen and pelvis were normal. The patient had normal colonoscopy two years previously as a work-up for her anaemia. The patient was then diagnosed with hypervitaminosis A and vitamin A supplement was stopped. A few months later, vitamin A and serum calcium levels returned to normal.
DISCUSSION
In 1953, Shaw and Niccoli (3) first described hypercalcaemia as a complication of hypervitaminosis A. Since that time, few additional cases have been reported with this unique association (4) .
Vitamin A is a lipid-soluble compound referred to as retinoic acid. There are two main forms of vitamin A: provitamin A carotenoids (beta-carotene and others), and preformed vitamin A. Provitamin A carotenoids are found in plants and are rarely metabolized to vitamin A, whereas preformed vitamin A (retinol, retinal, retinoic acid and retinyl esters) is mostly found in animal sources of food and in vitamin supplements and represents the most active form of vitamin A. The RDA for vitamin A is given as retinol activity equivalents (RAE), where one RAE = 1 microgram retinol or 3.3 IU. The RDA for adult males is 900 micrograms daily, and for females 700 micrograms daily.
The initial steps in metabolism depend on the type of vitamin A ingested. Usually the excessive intake of vitamin A from plant sources is unlikely to cause toxicity since there are many forms of provitamin A but beta-carotene is the only one that is metabolized by mammals into vitamin A. By contrast, absorption and storage of preformed vitamin A in animal liver or dietary supplements is efficient, and toxicity can occur if excessive quantities are ingested, especially in patients with renal failure.
Seventy to ninety per cent of vitamin A from the diet is absorbed in the intestine. Absorption of vitamin A is very rapid, with maximum absorption occurring two to six hours after digestion (5). Within the intestinal lumen, the vitamin is incorporated into a micelle and absorbed across the brush border into the enterocytes. Within the enterocyte, precursors of vitamin A (carotenoids) are converted to active forms of the vitamin. The newly formed products are then packaged into chylomicrons and transported throughout the body (6). After leaving the enterocytes, chylomicrons release triglycerides upon arriving at extra-hepatic cells; however, vitamin A remains within the chylomicron. The chylomicron is then taken up by the liver, metabolized to retinol and stored. When needed, retinol is mobilized from the liver and requires the use of a carrier for transport through the blood. Retinol binding protein (RBP), a single chain polypeptide glycoprotein, is the primary plasma transport protein for retinol (vitamin A); it binds retinol in 1:1 to form RBP-retinol complex. This complex then delivers retinol to specific receptors of the retina, skin, gonads, lungs, salivary glands and other tissues. Tissues are then able to take the retinol up as needed via cellular retinoid-binding protein (5) . Retinoic acid is believed to be manufactured by the cells as needed. Therefore, transport of retinoic acid is likely not substantial. Instead, the cell possesses intra-cellular proteins that regulate the amount of retinoic acid produced.
The kidneys are the main paths of RBP and retinol excretion from the body. This is achieved mainly via renal catabolism and glomerular filtration (5) . Those persons suffering such as dehydration, renal failure or immobilization, this could result in hypercalcaemia. Thus high doses of vitamin A may compromise bone health, but the threshold at which clinically relevant effects are seen remains to be determined (16) . Whereas the recommended daily requirement of vitamin A in adults is 5000 IU, our patient was taking 7000 IU daily. Although this dose would be unlikely to produce problems in patients with normal renal function, care should be taken in prescribing these vitamins to a patient with impaired renal function.
CONCLUSION
Vitamin A toxicity can occur with long-term ingestion of vitamin A supplements 10 times higher than the recommended daily dose; it can occur at lower doses in patients with chronic renal failure. It is thought that the factors that may contribute to the high vitamin A concentration in patients with chronic renal failure is the diminished metabolism of retinol to retinoic acid, which is excreted by the kidneys (17) , and increased concentrations of retinol-binding protein found in chronic renal failure (18) . It appears that the high serum vitamin A level that occurs in patients with chronic renal failure has toxic effects. Hypercalcaemia can occur as a consequence of the effect of vitamin A on bone probably by an osteolytic effect, though the precise mechanism is not well understood. Multivitamin preparations containing vitamin A should therefore be prescribed with caution in these patients. from renal disease often experience elevated serum levels of RBP and retinol and therefore must be more aware of vitamin A toxicity.
Vitamin A toxicity can be divided into acute, chronic or teratogenic. Acute toxicity generally occurs at doses of 25 000 IU/kg while chronic toxicity can occur at 4000 IU/kg daily for six to 15 months (7). Chronic toxicity occurs with long-term ingestion of vitamin A doses in amounts higher than 10 times the daily value (8) . It can occur at lower doses in case of renal failure. Several other factors can increase the toxicity of vitamin A, including underlying liver disease, alcoholism, and the use of some drugs, such as tetracyclines. Vitamin A toxicity occurs when the maximum limit for liver stores of retinoids is exceeded so the excess vitamin A enters the circulation causing systemic toxicity. However, in people with renal failure, 4000 IU daily can cause substantial damage (9) . In our case, the patient had worsening of her kidney function over the last years which led to increase in vitamin A level and therefore increase in the hospitalizations secondary to hypercalcaemia.
Symptoms and signs of toxicity include dry skin, nausea, headache, fatigue, irritability, anorexia, liver disease and hepatomegaly, hair loss and alopecia, hyperostosis, high cholesterol and increased cerebrospinal fluid pressure [pseudotumour cerebri] (10). In osteoporosis, hypercalcaemia was rarely associated with hypervitaminosis A. In addition, vitamin A toxicity can contribute to hypercalcaemia in patients undergoing haemodialysis, probably by an osteolytic effect. Multivitamin preparations containing vitamin A should therefore be prescribed with caution in these patients (11) .
Hypercalcaemia in the setting of vitamin A toxicity has been associated with three groups of patients. The first group of patients is those who receive ATRA (all-trans retinoic acid) therapy for treatment of acute promyelocytic leukaemia (12) . The second group involves haemodialysis patients developing vitamin A toxicity related to consumption of nutritional supplements containing pharmacological doses of vitamin A (13). The last group includes few case reports describing hypercalcaemia in association with massive ingestion of vitamin A. One case described vitamin toxicity caused by enteral feeding using commercially available tube-feed formula (4). To our knowledge, this is the first reported case describing hypercalcaemia secondary to vitamin A toxicity in a patient with chronic kidney disease who is not on dialysis.
There is some evidence that intake of vitamin A in the high-normal range may have adverse effects on bone health by reducing bone mineral density that may result in osteoporosis. It is not clear exactly how vitamin A influences bone metabolism; in a prospective cohort study of postmenopausal women, long-term intake of a diet high in retinol (vitamin A) was associated with an increased risk of osteoporotic fractures (14) . Similarly, high serum retinol levels were associated with an increased fracture risk in men (15) . Vitamin A probably acts directly on bone to stimulate osteoclastic resorption and/or inhibit osteoblastic formation (4) . In certain circumstances
